Intraosseous gouty tophus as the cause of pathological fracture is a seldom encountered condition. Not only does the tophus lesion affect the bone, but recent literature has also demonstrated a correlation between bone health in relation to gout as a disease entity, and showed the importance of medical treatment to improve the bone quality in patients with gout. We present a rare case of a pathological fracture due to an intraosseous gouty tophus as the presentation of gout, which imposed a diagnostic challenge, and illustrates the importance of multidisciplinary management in such conditions. 中 文 摘 要 骨內痛風石是病理性骨折中較為罕見的情況。最近研究文獻指出痛風與骨格健康之間存在相關性, 並顯示出藥 物治療有助改善痛風症患者的骨質量。我們提出一個骨內痛風石導致病理性骨折的案例，以說明其診斷的挑 戰性及多學科管理對此病例的重要性。 J o u rn a l h o m e p a g e s : w w w . e -j o t r . c o m & w w w . e j o t r . o r g http://dx.
Introduction
Intraosseous gouty tophus as the cause of pathological fracture is a seldom encountered condition. From the current literature, the majority of the reported cases of intraosseous gouty tophus related pathological fracture occurs at the patella. A literature search by Nguyen et al 1 found only 13 cases of pathological fracture from gouty tophi since 1950; seven of which involved the patella bone. We present a case of an intraosseous gouty tophus pathological fracture in a less reported bone; the tibia. The presentation of the patient imposes a diagnostic challenge. The site of the fracture is at around the proximal tibia, which further imposes a technical difficulty in fracture fixation. The management of such cases should be multidisciplinary, which involves the treatment of the fracture, as well as the condition of gout. Recent literature has demonstrated a correlation between the bone health in relation to gout, and also showed the importance of medical treatment for gout in regards to the bone and its formation.
Case Report
We present a case of a 41-year-old man, with a past medical history of alcohol dependence and mood disorder, who presented with a 1-week history of sudden onset left leg pain, without any history of trauma. He presented with fever, and physical examination showed erythema with tenderness over the proximal left shin. His white blood cell count was elevated to 13.1 Â 10 9 /L, Creactive protein elevated to 240 mg/L, and alkaline phosphatase level elevated to 181 IU/L. His serum urate level was not elevated at 0.49 mmol/L. The x-ray of the left leg showed a proximal tibia lytic lesion with cortical breakage (Figure 1 ).
Contrast computed tomography (CT) of the left leg showed features suggestive of an aggressive bone tumour with pathological fracture and a large extraosseous soft tissue mass ( Figure 2 ). Bone scan showed markedly increased uptake at the proximal third of the left tibia suggestive of a primary bone tumour, and lesions in the right clavicle, left eight to the 10 th rib, and right sixth and seventh rib are suggestive of bone secondaries. In addition, it showed increased uptake in bilateral shoulders, elbows, wrists, knees, ankles, and mid feet, which were suggestive of polyarthritis. With such radiological findings showing a high suspicion of malignancy, it was decided that the choice of the next investigation was to achieve a histological diagnosis. A biopsy was performed for confirmation of the diagnosis. Meanwhile, the patient was put on a slab for temporarily immobilization of the fracture. The fine needle aspiration was performed under ultrasound guidance, and the histological findings showed no evidence of malignancy, but instead showed gouty tophi. The biopsy was negative for culture, acid fast bacilli, and fungus. CT guided biopsy was also done, and again showed gouty tophus, with no evidence of malignancy ( Figure 3 ). The patient had not been aware he had gouty arthritis, and the disease was presented as a pathological fracture.
After reaching the diagnosis of gouty tophus with pathological fracture at the proximal third of the tibia shaft, we planned to offer operative fixation of the fracture. Plating and intramedullary nailing for fixation of extra-articular proximal tibia fracture have shown comparable results in terms of infection rate, range of motion, mal-union, and nonunion. 2 However, in our case, plate fixation was considered to be less stable for this proximal fracture with a large lytic lesion around. In addition, given the large extraosseous component of the lesion, plate was considered less favourable. The operation of intramedullary nailing was therefore chosen ( Figure 4 ). A T2 tibia intramedullary nail was placed with the aid of intraoperative blocking screws, in view of the proximal fracture, to achieve a better alignment for fracture fixation ( Figure 5 ). The operation was uneventful. The histology of the reaming material of the left tibia showed fragments of bony trabeculae and fibro-fatty tissue admixed with blood and fibrin. Small amounts of variably-sized aggregates of light basophilic crystalline deposits rimmed by histiocytes and foreign type giant cells were also seen. Needle shaped negatively birefringent crystals were seen under polarized light. There was no evidence of malignancy. Overall, the features were consistent with gouty tophus. Moreover, the bony reaming material also showed a positive culture of Staphylococcus epidermidis and Staphylococcus caprae. All previous septic workup had been negative, with no other primary source of infection identified. The presentation of infection versus gout can be similar. Given the patient's presentation, and with the benefit of doubt, the finding was treated as an infection. With collaboration with our infectious disease team and rheumatologist team, the patient was treated with a 6 week course of antibiotics with monitoring of blood inflammatory markers regularly, and he was started on allopurinol. Bone densitometry scan was arranged to study the bone health of the patient in general.
Upon follow-up at 6 months postoperation, the x-ray showed satisfactory healing, and at 1-year postoperation, the x-ray showed remodelling of the bone with gradual resolution of the lytic lesion ( Figure 6 ). The patient could walk unaided. There was no tenderness at the fracture site, and his left knee range of motion was full. He continues to take allopurinol for his gout.
Discussion
The prevalence of gouty arthritis in the general population has been estimated at 1.4%, and in some series, with intraosseous involvement of gout in the knee reaching 13.3%. 3 However, literature on pathological fracture due to intraosseous gouty tophus is limited. Nguyen et al 1 conducted a PubMed search identifying the relevant literature of gouty tophus with pathological fracture, and found only 13 cases reported since 1950, with one case involving the tibia bone; the most commonly reported site found was the patella bone.
Gouty tophi are characterized by granulomas which consist of monosodium urate crystals with mono and multinucleated macrophages surrounding it. It was demonstrated that osteoclast activity was enhanced at the gouty tophi, 4 and in addition, the monosodium crystal inhibits osteoblast activity and differentiation, 5 and thus causing osteolytic lesions which weakens the structural composition of bone, which can be prone to pathological fractures.
Furthermore, in a retrospective cohort study by Tzeng et al 6 published in 2016, involving a large population sample size of 130,941, found that gout as a disease entity itself increases the risk of fracture in general. The enzyme xanthine oxidase, which is involved in the degradation of hypoxanthine to xanthine, and xanthine to uric acid, also plays a role in weakening bone. The breakdown of hypoxanthine to xanthine is an oxygen-dependent reaction that results in the production of reactive oxygen species. These reactive oxygen species stimulates osteoclast differentiation and bone resorption, resulting in low bone mass. 7 As a result, gout as a disease entity leads to compromised bone health and a gouty tophus further weakens the bony structure. However, it is worth noting that the study by Tzeng et al 6 does not evaluate the cases of pathological fracture from gouty tophi specifically, but rather the risk of fracture in patients with gout in general, and thus the low incidence of pathological fracture from intraosseous gout may require further studies to fully understand.
Allopurinol, which is an inhibitor of xanthine oxidase, a drug used in gout, lowers the serum urate level. In addition, this drug has been found to increase bone formation in gouty patients. 8 Tzeng et al 6 also found in their retrospective cohort, that gouty patients using drugs such as allopurinol had a significantly lower risk of fracture in comparison. It is postulated that allopurinol, by inhibiting xanthine oxidase, reduces the level of free reactive oxygen species, which itself inhibits osteoblast differentiation and osteogenic gene expression. Furthermore, it was found that allopurinol increases tissue nonspecific alkaline phosphatase expression and activity. Tissue nonspecific alkaline phosphatase is identified as one of the key enzymes in bone mineralization. As a result, allopurinol promotes osteoblast differentiation and mineralization, with in vitro studies showing increased bone formation up to fourfold. 8 The role of allopurinol in the management of gouty tophi pathological fracture may be important in the process of bone healing, as demonstrated in our case by the rather rapid resolution of the osteolytic lesion after treatment.
Our case presents an intraosseous gouty tophi with a positive culture, which could be suggestive of a concomitant infection. The other possibility would be a contamination either during the operation, or during the biopsy procedure. Given the circumstances and clinical presentation, he was treated as having a concomitant infection. However, given the low incidence of intraosseous gouty tophi pathological fracture, literature search has found no such cases with concomitant infection reported, though concomitant septic and gouty arthritis has been established, especially in those with medical comorbidities such as steroid use, diabetes mellitus, liver cirrhosis, and renal failure patients. 9 The correlation between gouty and septic arthritis may possibly indicate a correlation between intraosseous gouty tophi and infection. Our patient has a history of alcohol dependence (though his liver function was unremarkable), which may be a risk factor for him to develop a concomitant infection.
In order to minimize contamination prior to making a diagnosis, less invasive methods can also be considered. Dual energy CT is a promising noninvasive diagnostic tool for gout. This imaging modality analyses the difference in attenuation of the tissue exposed to two different x-ray spectra simultaneously, thus enabling the determination of the composition of the material. In regards to gout, Bongartz et al 10 reported a sensitivity and specificity of 0.93 (95% confidence interval: 0.79e0.98) and 0.95 (95% confidence interval: 0.82e0.99), respectively. Dual energy CT thus may prove to be useful, not only as a noninvasive method, but especially in those diagnostically challenging cases, where histological diagnosis may be difficult to obtain.
Our case shows an example of a rare cause of pathological fracture, and in particular, a rare site of such conditions. One should bear in mind the possibility of intraosseous gouty tophus when facing a bony lytic lesion, which may be complicated with infection and fracture. The presentation may be so alarming to mimic an aggressive bone lesion in both clinical and radiological features as in our case. There is evidence to suggest that gout as a disease entity increases the risk of fractures in general. The management of the gout with drugs such as allopurinol is just as important, if not more, than surgery, when treating a case of gouty pathological fracture, as it also aids in bone formation. Concomitant septic arthritis and gouty arthritis has been documented in literature, However, concomitant infection in an intraosseous gouty tophi is not well reported. Coexisting infection and osteopenia should be kept in mind and treated accordingly as well. One should therefore adopt a multidisciplinary approach when managing such conditions.
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